1. Introduction {#s1}
===============

Human behaviors in choice have been extensively studied in various fields. Payne ([@B13]) proposed a two-stage choice process that was later extended by Russo and Leclerc ([@B16]) who divided human choice process into three stages by observing gaze behaviors. Gaze has been specially investigated in a two-alternative-forced-choice (TAFC) paradigm in neuroscience (Carpenter and Williams, [@B5]), psychology (Krajbich et al., [@B9]; Orquin and Mueller, [@B12]) and marketing science (Ratcliff and Smith, [@B15]; Sorensen, [@B18]). There is a gaze *cascade effect* in which the position of gaze is biased toward the selected item before the decision is made in TAFC tasks (Shimojo et al., [@B17]; Bird et al., [@B4]). In the *cascade effect*, the human gaze gradually shifts toward what is eventually chosen before the decision moment, which would be useful in marketing science for predicting customers\' choice. Gaze *cascade effect*, however, refers to the gaze behaviors immediately before the decision, and the relationship between preference and other human behaviors such as face or body orientation were out of scope.

In marketing science, Sorensen ([@B18]) divided common shopping behaviors into three stages: reach, stop and close and studied the customers\' moving paths in a supermarket. Other studies also explored the walking path to analyze its relations to the resulting purchase (Yada, [@B20]; Rao and Chandran, [@B14]). Our interest in this study is how customers behave after stopping at the shelf. Therefore, we asked subjects to stand on a shopping shelf and not to move from the initial position while we allowed them other movements of gaze, head, and torso, etc.

The purposes of this study were to investigate (1) whether *preference bias*, i.e., a positional bias in gaze, head and body toward the item that is later chosen, exists in a TAFC task involving non-durable goods with different values, (2) when *preference bias* is observed and when prediction of the resulting choice becomes possible. We used real products closely placed side by side on a shopping shelf to evaluate human behaviors in a more realistic setting. To further investigate (3) whether human choice is affected by the body orientation relative to the items, we additionally manipulated subjects\' body angles during choices and analyzed its correlation to the resulting choices. In manipulating body orientation, the bias stemming from body orientation was subtracted from the total bias to extract *preference bias*.

2. Materials and methods {#s2}
========================

2.1. Subjects
-------------

We employed healthy subjects (*n* = 16, 13 males and 3 females, all Japanese, age 22--28). We asked subjects who usually wear glasses to remove them so that they could wear an eye tracker. In such cases, we confirmed that they had no problem seeing the items on the shelf without their glasses. They all agreed to the ethical engagements defined by the local committee of the Kyushu Institute of Science and Technology.

2.2. Experimental setup
-----------------------

Figure [1](#F1){ref-type="fig"} shows an overview of the experimental setup. The presented items were cheap non-durables from two categories: snacks (worth 1--2 U.S. dollars) and clothing (worth 5--20 U.S. dollars). In total 18 pairs of snacks and cloths were prepared while 12 pairs were randomly chosen for every experiment. The remaining 6 pairs were used for instruction and for operational mistakes such as invalid recordings that were found during the experiments. Each pair consisted of two items similar in size and appearance, e.g., chocolates of different flavors, pairs of socks, T-shirts of the same size, etc. The size of the items varied from small chocolates (5 × 12 \[cm\]) to large sweaters (30 × 40 \[cm\]). The distance between the left edge of the right item and the right edge of the left item was kept under 20 \[cm\].

![**Experimental setup of shelf: a, webcam; b, AR marker for locating of the center of the two alternatives; c, items horizontally aligned; d, Wii Balance Board (WBB); and e, eye tracker (EMR-9)**. Shelf top height *d~h~* = 98 (cm) and distance between WBB and shelf *d~w~* = 35 (cm). The subject wearing the eye tracker stands on a WBB after the operator gives a cue. The shelf was a commercial shelf used in real stores.](fpsyg-06-00849-g0001){#F1}

We are interested in the body movements in addition to eyes and faces as the indicators of human preference. We measured the angle of upper body (torso) by an external depth sensor Microsoft\'s Kinect™ and its SDK during the choice behavior. It however was too noisy to track the movement of torso because of the precision of the SDK\'s tracking algorithm (Obdrzalek et al., [@B11]). Instead, a Wii Balance Board (WBB; Nintendo, Kyoto, Japan) was employed to evaluate the preference bias in the subject\'s center of pressure (COP). Note that WBB has a sufficient accuracy for assessing standing balance (Clark et al., [@B6]). The WBB was set in front of the shelf and a chair was provided in front of the WBB for subjects to rest on between experiments. The subject wore a portable eye-tracking system, the EMR-9 (NAC, Tokyo, Japan) while standing on the WBB. The subjects were allowed to move their body freely instead of their feet on the WBB. A flat marker was placed on the shelf for later image processing of the EMR-9\'s head-mounted camera. The height of the shelf *d~h~* and the distance between the shelf and WBB *d~w~* were kept constant throughout the experiments. A webcam was installed to synchronize the data from the WBB and EMR-9. The whole setup was covered by thick cloth to avoid presenting unwanted visual stimuli to the subjects. Two normal lamps above the shelf were installed to control the light level.

2.3. Experimental protocol
--------------------------

Each subject had 12 trials each of which had a different pair of items. They were asked to select one of the pairs with no time restriction. The response time was defined as the duration from when the subject started observing the items to when the subject made a decision. To know the decision timing, we asked the subjects to point to the item they preferred with their finger. Unlike previous studies, we did not employ a physical button, in order to eliminate unnatural choice behaviors that would not occur in a real-shop situation.

Before each trial began, the whole setup shown in Figure [1](#F1){ref-type="fig"} was kept dark with the lights turned off. The subject sat on the chair in front of the WBB, and was asked to stand up on the WBB\'s footprint mark and look straight ahead. The subjects were asked to pay no attention to the shelf top before each trial\'s start. A trial began when the operator turned the light on and started recording all the signals (WBB, webcam and EMR-9). At the same time, the subject started looking at the pair of items. The operator monitored the subject outside the booth with the webcam until the subject pointed to either of the items. Finally, the operator told the subject to sit back down on the chair, turned the lights off and changed the items for the next trial.

Each subject performed 12 trials executed in a pseudo-random order as shown in Table [1](#T1){ref-type="table"}: three snack trials, three apparel trials, then the same numbers of trials in the same order. The trial categories were fixed, but the pairs of products were randomized with no duplication. Also, we did not fix the sides of the alternatives to avoid bias stemming from left-right alignment.

###### 

**Pseudo-random item categories and WBB angles in the 12 trials**.

  **Trial Number**   **1**   **2**   **3**   **4**   **5**   **6**   **7**   **8**   **9**   **10**   **11**   **12**
  ------------------ ------- ------- ------- ------- ------- ------- ------- ------- ------- -------- -------- --------
  Category           S       S       S       C       C       C       S       S       S       C        C        C
  Angle              s       l       r       s       l       r       s       l       r       s        l        r

*S, snack; C, clothing; s, straight; l, left; r, right*.

We manipulated the angle of the WBB to study the effect of body-orientation on final choice (Figure [2](#F2){ref-type="fig"}). We tested three angles, *left*, *right*, and *straight*, relative to the longer edge of the shelf, and we switched the angle after every trial as shown in Table [1](#T1){ref-type="table"}.

![**Body orientation manipulation: the WBB was set at three different angles**. Circles and squares in the figure represent the markers placed on the floor. Because the board was manually set by the operator, there are small variations, but θ ≃ arctan(9/48) ≃ 10.8 \[degrees\], which was calculated from the relative marker locations.](fpsyg-06-00849-g0002){#F2}

2.4. Data collection and preprocessing
--------------------------------------

First, the data from the webcam and EMR-9 were synchronized by observing when the lights were turned on. The data from the webcam and the WBB were recorded on the same PC and synchronized in advance. The start time of each trial was marked in both the webcam\'s and the EMR-9\'s views by observing at least one item present in the view of the head-mounted camera.

We were interested in if and when each sequence (head orientation, gaze, and COP) is biased toward the selected item, but it was difficult to handle the sequences in an unified way because the current experiment was designed as a time-free choice. Hence, we synchronized the data at the starting and at the ending timings of each trial. The starting time was when at least one item first appeared in the view of the eye-tracker\'s camera and the ending time of each trial was marked when the subject\'s arm starts moving his or her arm to point the selected item. The data were averaged over first and last 1 s and tested if each signal was biased toward the selected items. This partly follows previous time-free studies such as Shimojo et al. ([@B17]) in which they also synchronized the data at the end of each trial and discussed the behaviors of last 1 s. To eliminate any overlap between the beginning and ending 1 s, short trials whose response time were under 2 s were omitted from the analysis.

The types of collected signals were head orientation, gaze, and COP, denoted by *s~h~*(*t*), *s~g~*(*t*), and *s~p~*(*t*), respectively, where *t* is the elapsed time from when at least one item first appeared in the view of the head-mounted camera. Because the items were arranged horizontally, we tracked only the horizontal movement of those signals. *s~h~*(*t*) and *s~g~*(*t*) were defined in the view of the head-mounted camera ("head view" hereafter) and so the units were pixels, while *s~p~*(*t*) was defined within dimensions of the WBB surface and its unit was millimeters (**Figure 4**).

Figure [3](#F3){ref-type="fig"} illustrates how we calculated *s~h~*(*t*) and *s~g~*(*t*). *s~h~*(*t*) was defined as the point at which the imaginary normal vector of the subject\'s face intersected the shelf surface. To calculate *s~h~*(*t*) and *s~g~*(*t*), we needed to track the center of the items in the head view. To do so, we first manually tracked the center of the items (also in Figure [3](#F3){ref-type="fig"}) every 2 s throughout a trial by mouse clicking. Then, marked points were interpolated by applying a global Lucas-Kanade optical flow (Lucas and Kanade, [@B10]) and applying a tracking method called *good features to track* (Tomasi and Shi, [@B19]). These algorithms allowed us to find identical points in the two images and to calculate whole view shifts in adjacent frames.

![**Definition of head center *s~h~*(*t*) and gaze *s~g~*(*t*) in the head-mounted camera\'s view: The item center *o* is semi-manually tracked and *c*(*t*) is calculated on the axis that starts from the left edge (shown on the top of the image)**. Then, *s~h~*(*t*) and *s~g~*(*t*) are defined by the coordinate axis shown at the bottom of the image where *c*(*t*) was set as the origin. The circled *e* is the gaze point reported by the eye tracker. Note that the sign of *s~h~*(*t*) is positive when the head is oriented to right and negative for the left orientation.](fpsyg-06-00849-g0003){#F3}

![***Body-orientation*** **bias in real world coordinates (left) and head-mounted view (right): The body-orientation bias can be observed in the coordinates of the head-mounted view**.](fpsyg-06-00849-g0004){#F4}

The horizontal value of COP, *s~p~*(*t*) \[mm\], was calculated based on the values of four weight sensors sent from the WBB as in Bartlett et al. ([@B2]). *s~p~*(*t*) = 0 indicates that the same pressure was put on both feet.

2.5. Body-angle manipulation
----------------------------

To test the effect of the angle manipulation, we first counted the number of trials in which the side of the selected item and the manipulated angle were matched. Then, we calculated the rate of such trials to the number of the manipulated trials (angle conditions were *left* or *right*) for each subject. Finally, we tested whether the rates were statistically biased from the chance level (see Results Section).

2.6. Preference bias
--------------------

In this study, we investigated if each signal toward the selected item $$\pi(t) = \begin{cases}
{\text{   }s(t)} & \text{if~left~item~was~selected} \\
{- s(t)} & {\text{otherwise},} \\
\end{cases}$$ was biased. We defined π~*h*~(*t*), π~*g*~(*t*), and π~*p*~(*t*) using *s~h~*(*t*), *s~g~*(*t*), and *s~p~*(*t*) for gaze and COP, respectively. To obtain robust properties of *preference bias*, the data of each sequence were averaged over the beginning 1 s and resulting values were averaged over all the trials for each subject. Namely, we have the same number of samples as that of subjects in the statistical tests described below. We applied the same averaging process for the data of the ending 1 s.

After the independent tests, the differences between three types of signals (head orientation, gaze, and COP) were assessed. To do so, normalization was needed because human gaze directly points the item in most cases while the head does not necessarily direct it. As a consequence, the absolute value of gaze tends to be larger than that of head orientation. Also, the COP was measured in the surface of the WBB while other two signals were measured in the view of the eye-tracker\'s camera. Therefore, to compare the differences between those signals, each sequence was first divided by its maximum absolute value. This is because the observed signals varied among subjects and trials due to personal tendencies and sizes of the stimuli. The normalized signals were then compared using the Steel-Dwass method.

2.7. Body orientation bias
--------------------------

*s~h~*(*t*) can be affected by body orientation. Funatsu et al. ([@B7]) studied how much head orientation changes when they manipulated body orientation relative to a static object. They found that there is a linear relationship between body orientation and head orientation. In the current experiment, the signals may be biased by manipulating body orientation. Because this *body-orientation bias* we here define is assumed to be irrespective to *preference bias*, it was subtracted from the observed signal as the following procedure.

We redefined each signal *s*~\*~(*t*) as *s*^*a*^~\*~(*t*) where \* means one of *h*, *g* or *p* and *a* ∈ {*left*, *right*, *straight*} specifies the trial condition of the WBB angle. For example, when the WBB was in the angled-right position, *s~h~*^*right*^(*t*) was right-biased from the center position of the items, while the centers match when the WBB is not angled. We define *Body-orientation bias* as $$\beta_{\ast}^{a} = \frac{1}{tn}{\sum\limits_{t}{\sum\limits_{n}s_{\ast}^{a}}}(t,n)\text{   }(a \in left,straight,right),$$ where *n* is the index of each trial. In other words, *body-orientation bias* is the constant biases in gaze, head orientation, and COP averaged over all trials of the same angle condition of a subjects\' body orientation. We here assumed that *body-orientation bias* was a constant during a trial because the subject\'s feet were fixed in this experiment, and assumed that all subjects have the same β^*a*^ for each angle condition *a*. We tested for the existence of *body-orientation bias* before calculating *preference bias* and subtracted those biases when they existed.

The total bias was defined as the simple addition of *preference bias* and *body-orientation bias*. Hence, we defined the signal for body orientation as $$\pi_{\ast}^{a}(t) = \begin{cases}
{\text{     }s_{\ast}^{a}(t) - \beta_{\ast}^{a}} & \text{if~the~left~item~was~selected} \\
{- \left( {s_{\ast}^{a}(t) - \beta_{\ast}^{a}} \right)} & {\text{otherwise},} \\
\end{cases}$$ similar to Equation (1). Similar to the analysis of *preference bias*, we averaged all the trials for each subject and obtained one sample per subject. To test whether *body-orientation* bias exists, we applied one-way analysis of variance for the samples of three angle conditions.

In the analysis of *preference bias*, we considered two cases without (*case 1*) and with (*case 2*) subtracting *body-orientation bias*. That is, in *case 1*, only the trials with *a* = *straight* were used while all the trials were used after subtracting *body-orientation bias* in *case 2*.

3. Results {#s3}
==========

For the analysis without *body-orientation bias*, 54 out of 192 trials (*a* = *straight*) were used as *case 1* and 172 out of 192 trials were used as as *case 2* after considering *body-orientation* bias. Short trials that finished within 2 s were omitted. Other trials with operational and system errors were also omitted. Because each sample was obtained by averaging all the trials per subject, the total number of samples became *n* = 15 in *case 1* and *n* = 16 in *case 2*. One sample was removed in *case 1* because all four trials of one subject with angle condition *a* = *straight* finished within 2 s.

First, we calculated the ratio of the side of selected items per subject (number of selected items/total number of valid trials) and compared those among the conditions of body angles, but there was no significant evidence that manipulation of body angle affected the side of the selected item. (*p* = 0.8, one-sample Student\'s *t*-test with parameter μ = 0.5, 15° of freedom).

Next, we collected the body-orientation biases β~\*~ averaged over all trials per subject. There were no body-orientation biases in *s~g~*(*t*) and *s~p~*(*t*), but *s~h~*(*t*) was biased significantly (*p* = 0.6, *p* = 0.6, and *p* \< 10^−6^, respectively, Kruskal-Wallis test after Shapiro-wilk normality test) to the angled direction. In the case of *s~p~*(*t*), there was no significant bias in the angle condition *a* = *straight* (*p* = 0.2, one-sample Student\'s *t*-test with mean parameter μ = 0) while there were biases in the case of *a* = *left* and *a* = *right* (*p* = 0.01 and *p* = 0.0002, respectively, same tests as above). Therefore, we set β^*left*^~*h*~ = −38.4 and β^*right*^~*h*~ = 40.3, while the other biases were treated as zero in Equation (3). The degrees of freedom of the tests above were all 15.

Figure [5](#F5){ref-type="fig"} shows the histogram of the response times for *case 2*. As described in the Materials and Methods Section, the starting time was when at least one item first appeared in the view of the eye-tracker\'s camera and the ending time was when the subjects started moving their arm to point what they like. We collected the response times averaged over corresponding trials (typically 4 in *case 1* and 12 in *case 2*) per subject. There were no significant difference in response times for the item categories (*p* = 0.8 in *case 1* and *p* = 0.8 in *case 2*, Student\'s *t*-test). Also, which side the selected item was on (left or right) did not affect response times (*p* = 0.8 in *case 1* and *p* = 0.7 in *case 2*, Student\'s *t*-test). The degrees of freedom of the tests above were 14 in *case 1* and 15 in *case 2*.

![**Histogram of response times of 172 trials (*****case 2*****)**. The horizontal axis shows response time in seconds. The vertical axis shows the number of trials. Each bin has a constant width of 2 s. Seven trials in *case 2* and four trials in *case 1* had response times less than 2 s, and thus we omitted those trials from the analysis.](fpsyg-06-00849-g0005){#F5}

Figure [6](#F6){ref-type="fig"} shows the normalized *preference biases* of head orientation, gaze, and COP averaged over all subjects in *case 1*. We tested if the signals were biased toward the item by one-sample, one-sided Student\'s *t*-test or Wilcoxson\'s signed rank test after normality test. The data were averaged over corresponding trials per subject. In the 1 s from trial beginning, there was significant bias in the head orientation (*p* = 0.008) in *case 1* but not in *case 2* (*p* = 0.1). The mean of the normalized COP seemed greater than that of head orientation (shown in the top-left figure of Figure [6](#F6){ref-type="fig"}), but the test result was not significant (*p* = 0.4). Also in the ending 1 s, statistical significance appeared only in head orientation (*p* = 0.001 for *case 1* and *p* = 0.002 for *case 2*). There were no significant effects (*p* \> 0.05) in gaze and COP for two timing conditions in both *cases*. The degrees of freedom of the tests above were again 14 in *case 1* and 15 in *case 2*.

![**Top:** plots of normalized *preference bias* aligned at the beginning time (left) and at the ending time (right) averaged over all samples in *case 1*. **Bottom**: bar-plots of the samples averaged over the beginning (left) and the ending (right) 1 s with standard errors in *case 1*.](fpsyg-06-00849-g0006){#F6}

To compare the differences among the three signals, we employed the Steel-Dwass method for head orientation, gaze, and COP. In the beginning 1 s, there were no significant differences in any pairs in both *cases* (*p* \> 0.05). In the ending 1 s, a statistical significance was found between head orientation and gaze (*p* = 0.01 for *case1* and *p* = 0.02 for *case 2*). Head orientation and COP were also different (*p* = 0.01 for *case 2* and *p* = 0.001 for *case 2*). We could not find differences in any other pairs.

4. Discussion {#s4}
=============

The main findings of our study were (1) when the body orientation is straight, the head orientation is biased toward the selected item in the early stage of choice, i.e., beginning 1 s, and (2) the head orientation is biased more toward the selected item than gaze and COP in the late stage, i.e., ending 1 s.

The results of the early stage showed that the head orientation had a *preference bias* in *case 1* in which subjects stood straight toward the shelf, but not in *case 2*. This implies that observing early behavior of the head orientation allows to predict human preference at least when subjects stand straight toward the shelf. Although multiple comparison did not show difference in any pairs, head orientation could be a better indicator of human preference in an early stage of human choice.

On the other hand, the head orientation had a strong *preference bias* in the late stage while other signals were not biased significantly. The result of multiple comparison showed that the head orientation was more biased toward the preferred items than the gaze and the COP. The gaze behavior in the late stage did not show gaze *cascade effect* contrary to the previous studies (Shimojo et al., [@B17]; Atalay et al., [@B1]). The difference in head-immobilization could be an explanation of this difference. However, because gaze *cascade* was observed both in a head-immobilized condition (Glaholt and Reingold, [@B8]) and in a free-moving condition (Bee et al., [@B3]), we speculate that head immobilization does not affect the behaviors in gaze at least in a qualitative way. Therefore, gaze *cascade* should have occurred also in our experiments, perhaps after the decision timing we defined. Another possibility is the difference in timing between gaze and head. While previous studies asked the subjects to press a button (*timing A*) when they decided their minds, in our study, we defined the end of trial as when the subjects started moving their arms (*timing B*). *Timing A* comes a little later than *timing B* if *timing A* corresponds to the timing when the subjects finished pointing. In fact, we observed marginally significant (*p* = 0.06, Student\'s *t*-test for *case 1*) and significant (*p* = 0.009) preference bias in gaze for the last half second and for the half second after the decision timing, respectively. Therefore, in the late stage of choice, head would orient to the selected item earlier than gaze in the current free-moving setting, although there is still a possibility that finger-pointing movements affected the head and gaze behaviors.

From the marketing point of view, the results on head orientation suggested that observing a customer\'s head behaviors would be helpful in both understanding their preferences and promoting sales. One application could be to use smart digital signage on the shelves in supermarkets or kiosk stores. The signage would work as follows: First, it observes a customer\'s head movement using a camera with a face-tracking method and then it performs a sales promotion based on the preference estimation before the customer reaches his or her hand to an item. The estimation is expected to be more accurate if the customers stand straight toward the shelf, such as in front of a showcase or a cashier. Those systems would be also useful in terms of protecting personal information because the prediction method proposed in this paper does not use any previous information, such as purchase history, age and sex, about the customer except for the head-movement information which can be obtained and abandoned immediately.

There are several limitations in our study. First, the number of subjects was limited (*n* = 15 or 16). Second, the present analysis did not consider personal physical tendencies; for example, one\'s consistent or preferred head orientation might be toward left or right. This is not *body-orientation bias* and may decrease the accuracy of prediction. This problem is about personal tendencies which are difficult to identify on the fly, but could be learned after several trials. Third, no money was involved in our experiment. The result showed that there was no significant difference in the response times for snacks and clothings. This might be because subjects were only asked to choose from two alternatives without considering cost or value trade-offs. In the future, we hope to conduct a new real-shop experiment in which values of the alternatives are different and real money is involved. Finally, the other signals pertaining to body, e.g., torso orientation or waist orientation, were not measured in this study. Although there was no information in COP, the orientation of torso may have information about preference similar to that in head orientation. We also plan to investigate the relationship between preference and those signals.

5. Conclusion {#s5}
=============

We conducted a forced-choice task of two non-durables employing 16 healthy adults and found that there was a significant bias in the head orientation toward the item which was later chosen. A *preference bias* was observed in the head orientation in the beginning 1 s when the subjects stood straight toward the shelf, while we did not see those biased in the gaze and the COP. In the ending 1 s, only the head orientation had a *preference bias* and was more biased than other signals. Manipulating body angle did not influence the choice. Conducting experiments in real shops involving real money and investigating the relationships between other behaviors and choice are our future work.
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